Using detailed micro data from the Indonesian manufacturing sector; we examine whether participation in international trade affects establishments' productivity.
There is a general belief among many economists, that participation in international trade increases productivity. For a long time the available theoretical framework predicted that increases in exports would increase productivity levels.
Increases in exports, it was argued, increased the level of productivity through, for instance, utilization of scale economies. Recent theoretical work suggests that trade may increase not only the level of productivity but also the growth rate through its effects on technology.
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There are several aspects of international trade, which lead to technological change and thereby to an increased rate of economic growth. The mechanisms by which technological change is achieved can be divided into three: increased competitive pressure, embodiment in imports and knowledge transfer through commercial contacts.
Increased competitive pressure can follow from for instance the entrance of Foreign Direct Investment but also from participation in international trade. Firms will have to compete with foreign firms in the domestic market and exporting firms will, accordingly, face competition from foreign firms on the international market. The increased competitive pressure that this creates will force domestic firms to adopt new technology and to increase their efficiency. Firms that can not face the increased competition will be forced out of the market.
Secondly, technology is embodied in goods and therefore transferred in international trade. As the bulk of R&D are oriented towards the creation and improvement of new products, spillovers from improved input goods are presumably of great importance. Since R&D is mostly carried on outside developing countries, productivity gains in developing countries from imports of input goods may be especially high. 2 In other words, imports are one channel through which countries and establishments can benefit from foreign R&D. Coe et al (1997) confirm that developing countries increase their growth by imports of machinery and input goods from countries conducting a large amount of R&D.
Finally, technology is transferred through personal commercial contacts. The reason for a positive connection between international trade and knowledge transfer is that such a transfer is made much easier by personal contacts and business dealings promote personal contacts. Face-to-face communication facilitates the knowledgerecipient's understanding of the new ideas, as he can immediately secure clarification or additional information from the source. The more complex the new piece of knowledge, the more important the personal contact, if the recipient is to be able to interpret it successfully. 3 In trading on the world market, there is an added opportunity to "hook up" to the world's vast agglomeration of knowledge pertaining to such different matters as production-methods, corporate organization, distribution of products, etc.
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Of course, all knowledge may not be acquired costlessly. Firms may have to invest in training of the labor force, new machinery or own R&D to be able to use the foreign knowledge. The larger such costs are, the smaller are the productivity gains.
A number of cross-country studies have examined the effect of growth in exports on growth in aggregated national productivity.
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Most studies find a positive growth effect from export expansion but some objections have been raised. For instance, the causality between growth in exports and growth in productivity are ambiguous. 6 Moreover, studies using time-series data have not established any positive effect on productivity growth from growth in exports. 7 Another group of studies examines the connection between economic openness and economic growth. Openness is measured by, for instance, calculating imports and exports as a share of GDP, or by real exchange-rate distortions. These studies examine growth of GDP, but since many of them include investment and sometimes population growth in the regressions, they bear a strong resemblance to the productivity studies. Studies on openness and economic growth generally find a growth enhancing effect from openness. Levine and Renelt (1992) , however, find the positive growth effect from openness to be fragile, i.e. dependent on the choice of variables included in the econometric estimation.
The question of whether participation in international trade increases growth therefore remains unanswered. One explanation could be that the level of aggregation in cross-country studies is too high to capture the effect of international trade on productivity.
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It might be more appropriate to examine the effect of international trade on productivity at a micro level rather than at a country or industry level. Moreover, by examining cross-sectional data in one specific country, one would avoid the problem of influences on productivity growth from e.g. differences in countries' economic policies. Such problems may have influenced the results from previous studies conducted at an aggregated country level.
We contribute to the existing literature by examining the effect of international trade on productivity at a micro level using a unique unpublished Indonesian data set of establishment data. As we have said previously, we hope to avoid some of the problems with cross-country differences in e.g. countries' macro economic policies that may have affected the results of previous studies.
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In line with new theories on international trade and economic growth, our main focus will be on examining the connection between the share of international trade and productivity growth.
Additionally, we follow previous micro level studies and examine the connection between shares of international trade and levels of productivity. We examine the effect on productivity of not only exports, but also imports. New theoretical results suggest knowledge transfers through both imports and exports increase productivity, but imports have, in general, been left out of empirical studies.
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One exception is Blomström et al (1994) who examine growth in real per capita income from imports of capital equipment in 78 developing countries. Imports had no effect. Levine and Renelt (1992) use either exports or imports as a share of GDP to measure the degree of openness, but they do not include both measures simultaneously in their regressions which prevents a direct comparison of their effects. It seems that the two measures are very highly correlated in the Levine and Renelt sample of countries, since their respective coefficients are of equal size. Again, this could depend on the use of aggregated cross-country data, since countries' imports and exports are likely to be highly correlated. Hopefully, we will be able to avoid this problem by using more disaggregated data.
The results from the econometric estimations show establishments participating in exports or imports to have relatively high levels of productivity.
Moreover, there is a positive connection between exports and productivity growth.
This suggests that participation in exports increase productivity growth but a causality link also in the other direction can not be ruled out. There are some indications of a positive growth effect from imports, but the result is fragile to changes in the specification of the variables and test equation. This paper is organized as follows. In part two we describe the data and present our empirical models. In part three we show the results from the econometric estimations. Finally, part four presents a summary and concluding remarks. The effect of international trade on productivity is examined using figures on the establishments' total exports and imports of intermediate products. One might expect that there are more technology transfer connected with imports of capital equipment than with imports of intermediate inputs. Unfortunately, data availability, or rather its lack, restricts us to using only figures for imports of intermediate inputs.
Hence, we are probably less likely to detect positive productivity effects from imports in comparison to studies using imports of capital equipment. Our main focus in the empirical work will be on examining the effect of the level of international trade on productivity growth. We start with a simple production function with two factors of production:
where Y it is value added in establishment i at time t, and A, L and K are the level of total factor productivity, the number of employees and the capital stock. Taking total derivatives of equation (1) and leaving out the indexes for simplicity, one gets:
where a dot over a variable indicates its growth and where β β 1 2 and are the elasticity of output with respect to L and K. Since capital stocks are not available, we replace dK with total investments, I, which enables us to write equation (2) as:
where α 2 is the marginal physical product of capital.
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We want to examine if exports and imports increase productivity growth. We therefore assume that total factor productivity growth can be expressed as a function of exports and imports:
Combining equation (4) and equation (3) we end up with our growth model:
where Q is gross output, and e is a residual. Growth in value added is between 1980
and 1991, i.e. growth under the entire period. All variables are in percent. We choose to calculate investment as a share of gross output rather than as a share of value added.
14 Various measures of exports and imports will be used. We will start by using dummy variables for participation in exports and imports. The dummy variables will help us to examine if participation in international trade increases productivity growth.
It is obviously a restrictive assumption that any involvement in international trade brings about the same influence on productivity growth regardless of the size of the involvement. Moreover, the endogenous growth literature stresses the importance of international trade shares for economic growth. The effect on productivity growth from the shares of imports and exports, i.e. from the degree of involvement, will therefore be examined. One has to be careful in constructing the variables for investment and for the level of imports since there for a given level of gross output is a negative relationship between investment/imports and value added. Price increases are, however, likely to vary between sectors.
In an attempt to control for the two problems mentioned above, we may follow previous micro level studies and estimate effects on the level of productivity in all Indonesian establishments using nominal prices. In addition to the growth estimations, we therefore estimate the level model:
Value added per employee is a function of investment per employee and of exports and imports. Value added and investment are measured in billions of Indonesian rupiahs and employment in number of employees. The logarithmic form of value added per employee and of investment per employee has been used. The import (export) dummy variable is given the value 1 if the establishment has any imports (exports) and zero if the establishment has no imports (exports). We have included sector specific industry dummy variables at a four-digit level of ISIC, since the level of productivity is likely to differ between sectors.
REGRESSION RESULTS (a) Growth estimations
We will estimate the linear relationship in equation 5, using ordinary least square. The results from three different estimations of equation 5 are shown in Table   2 . Pre-testing revealed heteroscedasticity so all variance-covariance matrixes have been estimated using White's (1980) method.
( Table 2 here)
Growth in labor and investment as a share of gross output are positive and significant in all estimations. The coefficient for growth in labor is above unity and the coefficient for capital is very small.
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The assumption of constant investment ratios over the period is likely to have a downward effect on the coefficient for capital.
Similarly, measurement error in the investment ratio may push the coefficient on labor growth upward. Another possible reason to the large coefficient for growth in labor is that we only control for the quantity of labor and not for the quality. The coefficient is therefor likely to incorporate the effect of human capital.
In Regression 1 we include dummy variables for imports and exports. The import (export) dummy variable is given the value one if an establishment has any imports (exports) and zero if the establishment has no imports (exports). As we said previously, by using dummy variables for imports and exports we can see if establishments participating in international trade have shown comparable high productivity growth. The import dummy variable has a positive sign in regression 1.
The coefficient is not, however, statistically significant. We cannot, therefore, conclude that imports increase the growth rate. The export dummy variable is positive and highly significant.
Establishments exporting some of their output were found to have shown a comparable high productivity growth in regression 1. We continue in regression 2 by examining if the level of exports, and imports, increases productivity growth. We find exports to be both positive and statistically significant. Establishments with a ten percent higher export share have shown approximately two percent higher productivity growth. The level of imports is not increasing productivity growth.
Examination of the residuals from regression 1 showed them to suffer from kurtosis. We therefore conducted a robust estimation in regression 3, using a minimum absolute deviation (MAD) procedure. This alternative estimation method does not have any major effect on the coefficients. Exports are still significant at a five percent level whereas imports are not statistically significant.
There are, naturally, a host of factors other than the ones controlled for that might affect productivity growth. Should any of these factors be highly correlated with the variables we used, our results could be biased. To examine our results' sensitivity to the inclusion of additional variables, we therefore conducted regressions 4 to 7 in which we tried to control for certain factors that might affect productivity growth.
These regressions are shown in Table 3 .
( Table 3 here)
To examine whether differences between establishments' productivity growth rates were caused by industry-specific fixed effects rather than by e.g. The results remained roughly the same, which suggest that the results are not a reflection of the large importance of Wood product exports. Table 4 . The exclusion of 58 observations changes the results in some interesting respects. Most notably the coefficient for imports, which has been insignificant in all previous estimations, suddenly becomes significant at a one percent level. A ten percent increases in imports as a share of gross output has increased value added by around three percent. Excluding some of the observations also makes the investment variable insignificant and decreases the export coefficient.
Inspection of our variables in
( Table 4 Finally, when we used average figures on imports instead of figures on 1980, the significance level for imports increased and the coefficient was significant at a ten percent level in most estimation.
(b) Level estimations
The results from the level estimations are shown in Table 5 . If participation in international trade increase the level of productivity, we would expect positive coefficients for the import and export dummy variables. Establishments engaged in imports or exports have comparable high productivity levels. The coefficient for imports is statistically significant in both 1980 and in 1991, and the coefficient for exports is statistically significant in 1991. The significant coefficients were stable when Effective rate of protection and Herfindahl were included. Therefore, we can conclude that establishments engaged in international trade have comparable levels of high productivity.
( Table 5 here)
SUMMARY AND CONCLUDING REMARKS
We have in this paper examined the effect of international trade on productivity in Indonesian manufacturing establishments. The empirical work is, admittedly, suffering from various methodological problems. Still, the issue of international trade and productivity is too important to be ignored. We address the methodological difficulties by using various constructions of the variables and of the test equation. Thereby, we reduce the risk of drawing conclusions on fragile or spurious relationships.
Some conclusions can be made from our work. Indonesian establishments exporting parts of their output have shown comparable high productivity growth.
Moreover, the larger the share of output that goes in exports the higher the productivity growth. The positive effect on productivity from exports seems to be stable using various estimation procedures and choice of sample. Imports in most estimation do not affect the rate of productivity growth. This result, however, seems to be caused by a small number of observations and exclusion of these observations makes the productivity effect from the level of imports highly significant. Moreover, constructing our import variable with average figures between 1980 and 1991 does also increase the statistical significance of imports. Finally, Indonesian establishments engaged in imports as well as exports, have comparable high productivity levels.
Grossman and Helpman suggest that international trade facilitates knowledge transfers, but they do not differentiate between the effects of imports and the effects of exports.
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We found a positive productivity effect from exports whereas the effect of imports is more uncertain. It would be interesting to examine the productivity effect of total imports or of imports of capital equipment instead of being restricted to imports of intermediate products. This type of examination might reveal an increased significance level of imports. Our results may also suggest that either knowledge transfers through exports are, relatively speaking, more important than knowledge transfers through imports, or that there is some other growth-promoting effect connected with exports. One explanation could be the relatively high competitiveness of world markets. Rogers and Shoemaker (1971) . 4 The connection between international trade and transfer of knowledge was empirically examined in Sjöholm (1996 Sjöholm ( , 1997 . International trade had a positive, significant and robust effect on international knowledge flows. 5 E.g. Tyler (1981 ), Feder (1983 , Kavoussi (1984) , Balassa (1985) , Ram (1987) and Moschos (1989) . 6 Jung and Marshall (1985) . 7 Greenaway and Sapsford (1994). 8 E.g. Dollar (1992) and Edwards (1992) . 9 Leamer (1994 p. 91) and Aw and Hwang (1995 pp. 314-315) .
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There are a few studies in related areas, which use firm level data. For instance, Aw and Hwang (1995) examine firms in the Taiwanese electronics industry. The level of productivity is found to be higher for exporting firms than for non-exporters.
Accordingly, Chen and Tang (1987) , find Taiwanese export oriented firms to be more efficient than import substituting firms. Moreover, a number of studies examine the effects of general trade liberalisation on firms' efficiency and productivity growth, see e.g. Handoussa et al. (1986) , Tybout et al. (1991 ), Liu (1993 , Harrison (1994) , and Tybout and Westbrook (1995) .
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See Grossman and Helpman (1991b) where knowledge is assumed to be transferred through trade contacts. Knowledge increases the general level of know-how and thereby the productivity of e.g. engineers and employees in research labs. The greater the degrees of trade contacts, the greater the transfer of knowledge and productivity growth.
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The Indonesian definition of an establishment is: "A production unit engaged in a certain location, keeping a business record concerning the production and cost structure, and having one person or more that bears the responsibility or the risk of that activity." (Statistik Industri 1991).
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Replacing dK with I is a standard procedure in empirical work on trade and growth when one is lacking data on capital stocks. See e.g. Feder (1983 ), Ram (1987 , and Dollar (1992) . However, it should be noted that going from equation (1) Again, we will therefore use alternative measures on capital.
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Note that the assumption of constant investments over the period implies that the estimate of the coefficient for capital is too big by a factor of 12, the number of years spanned by the 1980-1991 period.
17 Grossman and Helpman (1991b) . (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) White's (1980) adjustment for heteroscedasticity. *) Significant at the 10 percent level, **) Significant at the 5 percent level, ***) Significant at the 1 percent level. 
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